The use and costs of disease-modifying drugs (DMDs) for the treatment of multiple sclerosis (MS) have risen between 2002 and 2007 across Canada, 1 underscoring the importance of knowing the actual extent of patient adherence to these medications. Adherence improves both patient outcomes and utilization of health care resources in the management of MS. In one study, non-pharmaceutical medical costs were higher for patients who switch or discontinue DMDs compared to those who persist.
non-adherence. [4] [5] [6] [7] [8] [9] [10] Studies in Sweden, Spain and Italy found that the most commonly reported reasons for switch or discontinuation were perceived lack of efficacy and side effects. [7] [8] [9] In a study on MS clinic patients in British Columbia, Canada, the most common reason for non-adherence to interferon beta was also perceived lack of efficacy. 10 A Brazilian study found that medical decisions were the most common reason for discontinuation from glatiramer acetate. 5 A study in the US cited 'simply forgetting' as the most common reason for non-adherence to DMDs. 11 Variations in characteristics of DMD adherence among countries are not surprising, as DMDs are administered under distinct health care systems. For instance, costs of DMDs were covered by the tax system in Sweden 7 and by commercial insurance in the US. 4 To our knowledge, large-scale studies on patient adherence to MS DMDs have not yet been conducted in Ontario, where a proportion of MS DMDs are publicly covered. Furthermore, it is not well understood whether there are differences in adherence to various MS DMDs, given that each DMD tends to be marketed as having superior efficacy, side effects or convenience. The objective of this study was to examine and compare adherence to various DMDs in a diverse population of adult MS patients in Ontario who have public drug plan coverage.
METHODS
A retrospective cohort study was conducted of Ontario Public Drug Plan beneficiaries aged 15 or older who were newly treated with a DMD (intramuscular interferon beta-1a (i.m. IFNβ-1a, Avonex), subcutaneous interferon beta-1a (s.c. IFNβ-1a, Rebif), subcutaneous interferon beta-1b (IFNβ-1b, Betaseron), or glatiramer acetate (Copaxone)) between April 2006 and March 2008. In Ontario, residents are eligible for coverage through the Ontario Public Drug Plan if they are over the age of 65, are unemployed or disabled, have high prescription drug costs in relation to their net household income, receive home care or reside in a long-term facility.
Prescriptions for DMDs were identified using the Ontario Public Drug Plan Database (ODB) and the Registered Persons Database was used to obtain demographic information on included patients. Neighbourhood income quintiles were used as proxies for socio-economic status, where an income quintile of one represented the 20% of the population with the lowest income, while five represented the 20% with the highest income. The four DMD groups were compared using F-test for age, Fisher's Exact test for residence in long-term care and Pearson Chi-square for gender and income quintile. A 0.05 level of significance was used for all statistical tests.
The ODB contains detailed information on drug name, number of days supplied and dispensing date for all prescription medications dispensed to Ontario residents eligible for coverage. New users of DMDs were defined as patients who did not claim a DMD prescription in the year prior to their first DMD claim documented in the database over the study period. The cohort entry date was defined as the date of the first such prescription. The continual persistence, adherence and treatment switch rates were measured and compared among four DMDs. For each patient in the cohort, we identified persistence on DMD therapy using an algorithm beginning on the cohort entry date. Persistence was defined as having received a refill for the same DMD within 120 days of the previous prescription. Patients were followed forward to the first of: treatment discontinuation, switch to another DMD or a maximum two year follow-up period. Time to discontinuation (either strict discontinuation or switch to another DMD therapy) was analyzed with the Kaplan- Meier method, censoring on all other endpoints. The cumulative persistence rate (percentage of patients persisting on initial DMD therapy) against time since cohort entry was graphed, and the Log-Rank test was used to test for equality differences in persistence between DMDs. In a sensitivity analysis, time to discontinuation defined as strict discontinuation alone was evaluated with the same method. The proportion of patients reaching each of the study endpoints after the two year followup period was also calculated.
RESULTS
Over the two year study period, we identified 682 patients who were newly dispensed a DMD. Among these cohort participants, 186 (27.3%) were newly prescribed i.m. IFNβ-1a, 215 (31.5%) were newly prescribed s.c. IFNβ-1a, 106 (15.5%) were newly prescribed IFNβ-1b and 175 (25.6%) were newly prescribed glatiramer acetate. Baseline characteristics of new DMD users are summarized in Table 1 . All demographic characteristics of the four DMD groups were similar, with the exception of gender (p = 0.04). The cumulative persistence rates for i.m. IFNβ-1a, s.c. IFNβ-1a, IFNβ-1b and glatiramer acetate were similar over two years (p = 0.80) (Figure) . Cumulative persistence ranged from 73.6-79.1% at six months, 59.1-63.1% at one year, and 41.5-47.4% at two years. Defining discontinuation as strict discontinuation alone in analysis of cumulative persistence did not substantially change these results (data not shown).
During the two year follow-up, the proportion of all patients who were continually adherent to DMD therapy, and the proportion of patients who completely discontinued DMD therapy were similar among the four DMD types, with less than half of patients (N=300, 44.0%) continually adherent (Table 2) . Overall, the proportion of patients who had discontinued treatment or switched to another DMD did not differ significantly among DMDs (p=0.79, Fisher's exact test). Less than five patients died during the two year period. Switching between DMDs occurred infrequently, and most switches were from i.m. IFNβ-1a, s.c. IFNβ-1a or IFNβ-1b to glatiramer acetate (Table 3) .
DISCUSSION
Continued adherence rates for i.m. IFNβ-1a, s.c. IFNβ-1a, IFNβ-1b and glatiramer acetate were low and comparable with adherence rates previously reported in Canada and other countries. In British Columbia, only 61% of MS clinic patients who were prescribed interferon beta and followed over three years remained continually on the therapy. 10 A study in Italy reported that 46% of patients with relapsing-remitting MS discontinued interferon-beta therapy within four years. 9 In Sweden, 69% of patients stopped or switched interferon beta therapy within three years. 7 One study in the US found that 43% of new DMD users with relapsing-remitting MS were nonpersistent with medications by 14 months. 6 Another large study in the United States reported low rates of DMD persistence at 18 months, with significant variation between DMD types. 4 In this US-based study, IFNβ-1b had the highest switch and discontinuation rates, while glatiramer acetate had the lowest switch rate and i.m IFN β-1a had the lowest discontinuation rate. 4 In contrast, we did not observe differences in persistence and rates of discontinuation or switching between various MS DMDs, despite their different efficacies, side effects and costs. Patient adherence to medications in other chronic diseases is also low. For example, adherence to statins was 38.9% at one year. 12 For bisphosphonates, persistence was 75.8%, 52.1% and 40.6% at one, three and five years, respectively. 13 Persistence to anti-hypertensive medications was 75% at six months and 55% in three years.
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14 If compliance to medications were improved, there could be differential cost impacts: drug support program costs may increase, while system-wide medical care costs could decrease due to the health benefits gained by sustained use of medications. For MS DMDs, overall total costs could actually increase with improved adherence, given the high prices of these therapies.
Several limitations to our study merit emphasis. First, most patients included in our study were receiving drug coverage under the Trillium Drug Program, which is intended for Ontario residents with high prescription drug costs in relation to their net household income. Unfortunately, there is no accurate estimate available for the proportion of MS patients in Ontario under the Trillium Drug Program. Furthermore, any patient who lost eligibility during the two year follow-up period would appear to have discontinued their therapy, when in fact their drug use was simply no longer documented. However, due to the high cost of these drugs, loss of eligibility is not expected to be a frequent occurrence. If loss of eligibility occurred, the persistence and adherence rates calculated in our study would tend to be slight underestimations of thru adherence rates in this population.
Secondly, our study used data from Ontario residents with public drug plan coverage. Consequently, our study excluded Ontario residents who did not meet eligibility criteria for public drug plan coverage, including the criteria of socio-economic status and age. United States based studies on MS drug adherence reported that household income 6 or employment status 11 was not significantly associated with MS drug adherence. Older age was associated with increased adherence. 6, 11 While our Ontario-based study may not be readily generalizable to other regions, our results are reassuringly consistent with previously reported adherence rates to MS DMDs.
CONCLUSIONS
Our study concludes that the persistent use of i.m. IFNβ-1a, s.c. IFNβ-1a, IFNβ-1b and glatiramer acetate by adult multiple sclerosis patients in Ontario with public drug plan coverage decreased substantially over time. Adherence rates calculated in our study are consistent with previously reported adherence rates to MS DMDs, and to medications in other chronic diseases. Whether the advent of oral therapies in MS will change this adherence picture is unknown. As such therapies are currently close to approval in Canada, the United States and Europe, it will not be long before information on adherence to oral therapies in MS becomes available. What does seem clear is that irrespective of the different types of DMDs used or their varying frequency of injection, there is no basis to believe that adherence to these medications in practice differs substantially.
